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BOTANY 
Sex induction in Equisetum arvense L. 
STEPHEN DAVIS* 
ABSTRACT - Equ,isetum arvense was studied for sexual development. The effects of crowding and 
transplantation were observed to influence sexual maturity and growth patterns of the gameto-
phytes. Regeneration experiments demonstrated that sexual development is environmentally induced. 
Until recently there has been controversy concerning 
the types of gametophytes produced in the genus Equise-
tum. Duckett ( 1970) presents evidence to support the 
claim that two distinct types of gametophytes are pro-
duced in most species of Equisetum. One type is bisexual, 
producing archegonia first and later producing anther-
idia. The other type is male and produces only an-
theridia. On the basis of regeneration experiments he 
concludes that the sexual development of the gameto-
phytes is influenced by environmental conditions. 
This paper, dealing with modification of thallus shape 
and induction of gametangia under experimental condi-
tions, supports the hypothesis that an environmentally 
controlled mechanism, not purely genetic, is responsible 
for sexual expression in Equisetum arvense. 
Both frozen and fresh spores utilized 
Spores of Equisetum arvense L. were gathered in the 
Duluth area during the spring of 1971. Voucher speci-
mens have been deposited in the Olga Lakela Herbarium 
at the University of Minnesota Duluth campus. Most of 
the spores were then frozen and stored in glycerine at 
-5 ±5°C (Jones and Hook, 1970) for later use. Fresh 
spores were used to study the growth and development 
of crowded cultures. 
All spores were grown in Pyrex petri plates, 9 cm x 
1 ½ cm high, on Bold's Basal Medium solidified with 
1.5 % agar ( Bold, 1965). Frozen spores were washed 3 
times with distilled water on a 0.8µ, membrane filter 
( Milipore) to remove the glycerine. The spores were 
then placed in a vial of distilled water, each vial includ-
ing spores from one fertile shoot. Five drops of the spore 
suspension were placed on the surface of the agar and 
spread by tilting the petri dish. Although no attempt was 
made to quantify the density of sowing, conditions de-
fined as "crowded" were created by sowing fresh spores 
directly from individual strobili onto separate plates so 
as to leave a fine layer of green spores. 
The cultures were grown in a growth chamber at 
20 ±2°C using a 12 hour photoperiod supplied by Cool 
White Sylvania Power Tubes. Light intensity at the sur-
face of the petri dish cover was maintained at 280-300 
foot candles measured with a Weston #756 light meter. 
Observations were made over a four-month period using 
a dissecting microscope at magnification 45 X to observe 
and differentiate between the types of gametophytes and 
their structures. Since spores were not sterilized, the cul-
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tures contained contaminants of Penicillium and Asper-
gillus. The contaminants were not overly abundant and 
tended to subside after one month. 
Normal patterns of gametophyte development 
The first cell division of the germinating Equisetum 
spore is normally characterized by the formation of a 
rhizoid and a photosynthetic cell. The photosynthetic 
cell divides many times, giving rise to a multi-dimensional 
th all us. 
The vegetative bisexual thallus consists of at least eight 
upright photosynthetic appendages, known as }amellae, 
and many rhizoids . There is also a well-defined basal 
cushion consisting of an aggregate of parenchymous cells. 
The smaller male thallus does not generally produce 
many rhizoids and typically consists of 3 or 4 lamellae 
before the initiation of antheridia. In general, the ma-
ture, gamete-producing male thallus is the only 2-3 mm 
in length (Fig. 1), while the bisexual thallus is 4-5 mm 
in length when first producing gametes ( Fig. 2). The 
male gametophyte starts to produce antheridia around 
25 days, while the bisexual gametophyte first starts to 
produce archegonia about 35 days. Antheridia are first 
produced on a bisexual thallus any time between 40 and 
250 days (Duckett) . 
Effects of transplantation 
When spores were sown in a crowded condition, most 
of them failed to develop normally but remained as 5-12 
cell filamentous structures. Twenty-nine days after sow-
ing the spores in a crowded condition, ten to twelve fiila-
ments were transplanted onto fresh culture medium. It 
was not possible at that time to tell whether these fila-
ments were potentially male or bisexual. These trans-
planted filaments developed into sexually mature gam-
etophytes within ten days after transplantation. 
Male gametophytes that developed from transplanted 
filaments originated from the terminal cells of the fila-
ment. The sexually mature thallus consisted of antheridia, 
lamellae, and the original filament (Fig. 3). This thallus 
produced several rhizoids and lamellae, as is generally 
characteristic of the bisexual gametophyte. Moreover, 
small additional lamellae grew simultaneously from be-
tween antheridia on the thallus, a feature not seen on 
male gametophytes grown under uncrowded conditions. 
Bisexual gametophytes that developed from trans-
planted filaments also consisted of a well-defined thallus 
plus the attached filament. However, the development of 
between 1-3 archegonia first occurred only on the fila-
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FIGURE 1. - Mature male gametoyphyte of E. arvense. 
Diagonial lines represent antheridial cavities. X 100. anth., 
antheridium. 
FIGURE 3. - Mature male gametophyte 10 days after trans-
plantation. X 50. 
ment about 5 days following transplantation before la-
mellae were present (Fig. 4). This was an example of 
premature sexual expression before any evidence of 
normal mature forms. These archegonia were formed in 
less time than was required for antheridia to form on 
the transplanted male gametophyte, the reverse of the 
normal sequence. 
Excised lamellae 
Excisions consisting of lamellae were taken from sex-
ually mature male, mature bisexual, archegonial mature 
bisexual without antheridia, and sexually undifferentiated 
thalli. These excisions were placed on fresh culture me-
dium and allowed to develop. 
Lamellae taken from mature male gametophytes usu-
ally deteriorated, except for either a single or few ter-
minal cells. Those portions of lamellae that survived re-










FIGURE 2. - Diagram of a mature bisexual gametophyte 
of E. arvense. arch., archegonium. 
FIGURE 4. - Filamentous portion of a IO day old trans-
planted bisexual gametophyte with an archegonium X 100. 
male or bisexual. Mature male gametophytes regenerated 
from terminal cells in about 25 days. Regenerated bisex-
ual gametophytes started to produce archegonia after 35 
days. These developmental patterns are similar to those 
seen on gametophytes that were grown from spores. 
It was sometimes possible to separate these terminal 
cells with a dissecting needle. Individual cells taken from 
the same Iamellae were capable of developing independ-
ently and regenerated into either male or bisexual game-
tophytes. 
Lamellae taken from mature bisexual as well as sex-
ually immature thalli survived intact and, like Iamellae 
from male gametophytes, were capable of regenerating 
into mature thalli of either type. The basal cells of these 
Iamellae became brown and produced rhizoids. Most 
newly formed rhizoids were positively heliotrophic, as 
observed by Walker (1931). 
Other cells from the excised lamella formed meriste-
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FIGURE 5. - Regenerated excised lamella from a bisexual 
thallus forming antheridia. Spotted area represents a 12 
day old excised lamella superimposed 6 days later X 50. 
matic regions. Generally, meristematic regions that 
formed along the edges of these lamellae produced an-
theridia (Fig. 5), while meristematic regions away from 
the edges produced a new basal cushion with new lam-
ellae and eventually developed into a bisexual gameto-
phyte. These excised famellae produced antheridia in 
male gametophytes and archegonia on bisexual gameto-
phytes as early as 18 days. 
Sometimes both male and bisexual thalli were grow-
ing simultaneously from the same excised lamella (Fig. 
6) . When this occurred, a male gametophyte separated 
from the originally grown excised lamella while the bi-
sexual gametophyte included most of the original lam-
ella. It appeared that the male thallus separated from the 
original lamella by cell deterioration and shrinkage. 
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5 schools sending students to national symposium 
in May at U.S. Milifary Academy 
Students from five Minnesota high schools will attend 
the National Junior Science and Humanities Symposium 
at the United States Military Academy May 9-12, 1973, 
as a result of selection for presentations at the North 
Central Junior Science, Engineering and Humanities 
Symposium in Minneapolis last November. 
The national symposium is sponsored by the Army 
Research Office, Durham, North Carolina; and five stu-
dents will be selected there to attend a Youth Science 
Fortnight in London from July 25 to August 8. 
The Army Research Office also was a co-sponsor with 
Northern States Power Company of the North Central 
Symposium. 
Thomas Dombeck of Virginia, Minn., high school was 
designated at that time to present his paper in the na-
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tional competition at West Point. The other area student 
winners were: 
Glenda Geehan, Derham Hall, St. Paul. 
Sanford Nelson, Bagley, Minn., high school. 
Brenda Reis, Napoleon, North Dakota, high school. 
Beth Wald, Alexander Ramsey high, Roseville, Minn. 
Marc Wold, also Alexander Ramsey, was named al-
ternate. 
The three-day North Central session was attended by 
more than 250 persons, with students and teachers from 
North Dakota, South Dakota and Wisconsin as well as 
from Minnesota participating. The youth symposium is 
an annual function conducted by the Junior Academy of 
the Minnesota Academy of Science and is supported by 
outside sponsors. 
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